In the present work, we study, numerically, mixed convection flows in an open U-shaped channel as an application to a Soil -air exchanger (Canadian well). The channel is submitted to a vertical jet of fresh air from the right opening (ambient air) at a cold temperature (winter) Tc, while the walls are heated according to the depth of channel. We will detail the soil temperature values in this paper, using Kasuda model. Emphasis is given to detail the effect of the channel length variation on average temperature, average velocity and heat transfer at the channel outlet.
Introduction
Study of convective flows, in a U-shaped channel, is one of practical interest in various fields, such as passive air conditioning to its pre-cooling, the so-called underground heat exchanger. This latter has often been the subject of several experimental and numerical studies in recent years. It helped to establish rules and reliable design tools for different configurations [1] . Geometry improvements have, also, helped to optimize energy efficiency.
Significant works have been done in this subject. Dehina [2] proposed a numerical simulation of air-ground exchanger to improve energy efficiency. He incorporated a coaxial tube of smaller section carrying water to irrigation at constant temperature. Naili et al. [3] have studied the opportunity to exploit the thermal inertia of the ground for heating: an analytical study validated by experimental results was used to assess the thermal performance and to optimize the heat exchanger operating parameters. Mebarki et al. [4] studied an underground heat exchanger air conditioning system in arid areas. They studied the influence of geometrical parameters on the heat exchanger temperature. KHABBAZ et al. [5] conducted an experimental study of thermal performance of an air-ground heat exchanger (EAHX), "Canadian Well" paired with a house on the outskirts of Marrakech. The exchanger consists of 3 PVC pipes length 77m each buried at a depth of 2 to 3m in the garden of the house. The results show that the Canadian system is well suited for air cooling in buildings in Marrakech zone, as it provides an almost constant air temperature of about 24 °C when the outside temperature is between 22 °C and 40 °C.
In this work, we study, numerically, mixed convection heat transfer in a U-form channel representing an air-ground heat exchanger. Our numerical approach is based on the finite volume technique. The originality of our study is the introduction of several control parameters influencing the flow structure and heat transfer in the channel. On the other hand the different types of boundary conditions that we will study later in this work will evaluate further our approach. Special emphasis is given to detail the effect of channel length on the thermal and dynamic fields in the channel, especially, at the channel outlet. Results are presented in terms of streamlines, isotherms, outlet velocity, outlet temperature and average Nusselt number. 
Nomenclature

Studied Configuration and Mathematical Formulation
The studied configuration is shown in Fig. 1 . This is a U-form channel, submitted to a convective fresh air jet trough the right opening at a cold temperature (Tc, θ = 0), the wall temperatures vary with the channel depth according to KASUDA model [6] . We assume that the flow and heat transfer are two-dimensional. The air thermo-physical properties are considered constant. The Boussinesq approximation has been applied. The non dimensional equations in terms of temperature θ, driving pressure P and velocities U and V are:
The boundary conditions associated with these equations are defined as: -At the inlet opening of the channel : θ=0, V= -1 , U=0
-At the channel outlet : U=0,
-On the walls:
Numerical Method
The governing equations of the problem were solved using a control volume technique [9] . The QUICK scheme [10] was adopted to discretize all convective terms of the advective transport equations (Eqs. (2)- (4)). The final discretized forms of Eqs. (1)- (4) were solved by using the SIMPLEC (SIMPLE consistent) algorithm [11] . As a result of a grid independence study, a grid size of 120x750 was found to model accurately the flow fields described in the corresponding results. The time steps considered range between 10 -4 and 10 -3 .
In our future work, we will consider the case of turbulent flows and we will use Lattice Boltzmann method [12] to treat this problem in the microscopic scale.
KASUDA Model
The distribution of soil temperature is modeled and simulated with the method developed by KASUDA [6] which showed that this temperature depends on the day of the and the depth below the surface. It variation is correlated by the following relation: According to the weather data in our disposal, we study the case of 21 January 2007. All data will be compiled in Table 1 , below: Table 1 Temperature data, day of the year and thermal diffusivity for calculating the soil temperature
We calculated, for each channel wall, the corresponding soil temperature as shown in Table 2 . 
Validation Code
The accuracy of our numerical code was confirmed by comparing our results with those obtained by [13, 14] for natural convection in differential heated cavity, Table 4 , and then with the results obtained in [15] in the case of a trapezoidal cavity, Table 5 . Good agreement was obtained in max terms. When a steady -state is reached, all the energy provided by the hot walls to the fluid must leave the channel through the outlet opening. This energy balance was verified by less than 3% in all cases considered here. 
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Results and Discussion
In this paper, the analysis is focused on heat transfer rate across the hot walls, flow and thermal fields for Rayleigh number Ra=5×10 6 , Reynolds number Re=1000 (these optimal values are the results of our previous works [16, 17] ) and Prandt number Pr=0.72. The geometrical parameters are: Length 20m ≤ L ≤ 60 m, Depth H=2 m and Diameter D=0.1 m In this section, only the variation of channel length is considered. The other parameters are kept constant, as mentioned in Table 6 .
Table 6 Dimensional and dimensionless geometrical parameters values
Flow structure and thermal field
Note that the flow structure, as well as the thermal field, over the entire channel is unreadable since the diameter of the channel is very small in comparison with its length. We will, therefore, present these fields by zooming on the zones where there are flow perturbations and strong temperature variations, in particular at the corners of the channel and along the vertical columns.
To show the structure along the channel, we consider the case of L = 3m as an example, Fig.2 along the vertical column on the right and at a limited part of the horizontal column. In other words, the heat exchange is almost limited to the first half of the channel, from the air inlet. For all these reasons, we will zoom on these zones to present the thermal and dynamic fields in a clear and legible way for the high values of L.
For L=20m, Fig.3 , the streamlines are almost parallel to each other and to the channel walls, as shown in Fig. 2 . The boundary lines laminate walls except in the lower corners of the channel or near them. In these areas, some closed cells appear because of the pressure drops in the corners.
The thermal field shows that the heat exchange between the walls and the forced jet of fresh air is very important along the right half of the channel, especially at its inlet (vertical column). The corresponding isotherms are too tights in these zones, Fig.3 .
For L=50 m, there is more and more heat exchange between walls and convective jet by increasing the channel length, Fig.4 . Isotherms are very tight compared to those of L=20 m. So we can recover the air hotter in the channel outlet when L increases.
However, the convective jet of air, which we always seek to heat more, begins to lose heat along the left column, from a certain depth which varies slightly with L. Indeed, examining the isotherms of Figs. 3 and 4, we find that they are distorted downwards for 0<Y< 1 3 H, in this case the soil continues to heat the convective jet. Then an almost horizontal isothermal line appeared. It's related to a zero heat exchange between the ground and the jet. Beyond this line (Y> ), isotherm distortions are reversed, the air which is warmer than the ground at this point restores some of its heat to the soil. These are therefore energy losses. We suggest isolating the channel from this height to minimize these heat losses.
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Fig. 2. Streamlines and thermal fields, L=3m

Increasing the values of the channel length, the heat exchange increases along the right vertical and horizontal columns. But, for L>50 m, the increase of channel length is with no effect on heat transfer as shown in Fig.5 for L=60m (as will be presented later, the average Nusselt number becomes constant for the channel length up of L = 50 m). According to this result, we consider that the channel length variation in the range of 20 m≤L≤60 m is sufficient to obtain a better heat exchange in this configuration kind and consequently a good cooling of air by using the Canadian well. 
Velocities and temperatures at the channel outlet
The average velocity and temperature variations at the channel outlet are presented in Fig. 6 . The dimensionless average velocity, Fig.6 -a, presents a minimum for L=30 m. From this last value, the average velocity varies slightly and linearly with L (between 0.7 and 1.2).
The outlet temperature m,o of the air jet, is a determining factor in the assessment of the studied system performance (Canadian well). We presented its mean value variation as a function of the 
Heat transfer in term of Nusselt number
The heat transfer between the channel walls and the fresh air is evaluated in terms of global Nusselt number, Nu. Its variation according to the channel length is presented in Fig.7 .
We note that Nusselt number increases with the channel length in the range of 20m ≤ L ≤ 50m and then becomes steady between 50 and 60m. Its profile is in the same manner of that of the outlet average temperature (Fig.6-b) . Note that for the considered range of L, Nu varies between 440 and 540.
We have correlated the global Nusselt number variation with the channel length with a maximum deviation not exceeding 2% .This correlation is presented as follows: Nu = 12.55×L² -29.46×L+455.2
Conclusion
We studied numerically the mixed convection flows in a U-shaped channel with heated walls and submitted to forced fresh air jet. This configuration represents a Canadian well (air-ground heat exchanger) for passive air heating in Marrakech region, during the winter period.
We presented in this paper the results obtained in terms of flow structure and heat transfer. The main results show that : -Heat exchange is more important along the first channel half (i.e the right column and the first part of the horizontal column) A non negligible part of the channel (left part of the horizontal column) is practically isotherm. On the other hand, there are heat losses (from convective air jet to the soil) on the upper two-thirds of the right vertical column. We propose to isolate this part of the canal. -The dimensionless outlet temperature reached an important value (0.96) corresponding to dimensional temperature of 21.4°C when the soil temperature is equal to 22°C and that of the outdoor cold air is 7°C. -Nusselt number increases with the channel length tell L=50m. Up of this value, Nu remains constant and there is, practically no heat exchange between air and the soil. -We have correlated the Nusselt number with the channel length in the range 20m < L < 50m as : Nu = 12.55×L² -29.46×L+455.2
